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Mechanistic Studies on Ionotropic Glutamate Receptors Using Tethered
Photoswitchable Ligands
Andreas Reiner, Ehud Y. Isacoff.
Several mechanistic aspects of ligand-gated ion channels remain poorly under-
stood, such as the allosteric coupling between different subunits. The develop-
ment of photoswitchable ligands that can be covalently attached to specifically
introduced cysteine residues [1, 2] enables us to overcome some limitations of
conventional studies.
Using a glutamate analogue combined with an azobenzene photoswitch, we can
study activation, deactivation and desensitization of ionotropic glutamate re-
ceptors (iGluRs). With this approach, ligand binding and unbinding can be pre-
cisely controlled using short light pulses, and are not limited by the time
required to apply and remove the ligand. Furthermore, ligand binding can be
restricted to a specific subset of the four subunits constituting the tetrameric
channel. Here we used voltage-clamp recordings to measure the time courses
of channel opening and closing upon full and partial activation with short
pulses of light. Even low light doses lead to opening of iGluR6 on the submilli-
second timescale followed by rapid desensitization. Extending the photo-
switching experiments to single channel recordings and complexes with
defined subunit stochiometries will provide further information on how single
subunits contribute to the function of this important class of signaling mole-
cules.
1. Volgraf M. et al., Nat. Chem. Biol. (2006) 2: 47.
2. Gorostiza P. et al., Proc. Natl. Acad. Sci. USA (2007) 104: 10865.
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Potent and Selective Inhibition of the Open-Channel Conformation of
AMPA Receptors by an RNA Aptamer
Zhen Huang, Yan Han, Congzhou Wang, Li Niu.
Inhibitors targeting the a-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid (AMPA) receptors are useful as biochemical probes for structure-function
studies and as drug candidates for a number of neurological disorders and dis-
eases. Here we describe the identification of an RNA inhibitor or aptamer by an
in vitro evolution approach, i.e., systematic evolution of ligands by exponential
enrichment (SELEX), with the GluA2Qflip AMPA receptor subunit as the selec-
tion target. This aptamer inhibits only the open-channel, but not the closed-
channel, conformation of the AMPA receptors with a nanomolar affinity (for
example, the KI value was found to be 0.955 0.2 mM with GluA2Qflip. Fur-
thermore, the aptamer has no effect on either kainate or NMDA receptors.
By using a laser-pulse photolysis technique and a caged glutamate, we also de-
termined that the aptamer inhibited the channel-closing rate constant or kcl,
which reflects the lifetime of the open channel, but it did not affect the channel
opening rate constant or kop, which reflects the closed-channel state. In a homol-
ogous competitive binding experiment, the aptamer was found to bind to both
the open-channel and the closed-channel state with Kd of 805 23 nM and 68
5 40 nM respectively. Taken together, these results are consistent with the ap-
tamer being a noncompetitive inhibitor. Our results further suggest the possibil-
ity of developing RNA aptamers that are conformation-selective, potent and
water-soluble as a new type of inhibitors against AMPA receptors.1467-Pos Board B377
Structural and Functional Characterization of Reconstituted Glua2 Tetra-
mers
Jelena Baranovic, Chandra S. Ramanujan, Nahoko Kasai, Dean R. Madden,
Keiichi Torimitsu, John F. Ryan.
a-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate receptors (AMPARs)
are glutamate activated ion channels present throughout the vertebrate central
nervous system. AMPARs are located primarily at postsynaptic membranes
where they act as the main mediators of fast excitatory neurotransmission.
Their proper functioning is vital for memory formation and learning.
To tackle the challenge of observing full-length membrane-embedded recep-
tors in near physiological conditions, we have focused on the reconstitution
of purified AMPARs into artificial membranes which are then imaged in liquid
using atomic force microscopy (AFM) and whose activity is studied through
electrical recordings of lipid bilayers.
We report successful reconstitution of GluA2 homotetramers. CHAPS has
proven to be the most suitable detergent for liposome destabilization in the cur-
rent protocol resulting in the most efficient (i.e. highest protein density) recon-
stitution. The influence of lipid composition of membranes on the
reconstitution process was also tested: no clear difference in efficiency was ob-served between phosphatidylcholine membranes and membranes formed from
porcine brain total lipid extract, hence, most of our studies were performed with
liposomes composed of brain lipids. High-resolution AFM images reveal
closed receptors protruding up to 14 nm from the membrane with lateral dimen-
sions of approximately 20 nm - dimensions that closely resemble those reported
for the full-length receptors by EM and X-ray diffraction. Tetrameric structure
was clearly resolved for many but not all receptor molecules. Activity of recon-
stituted GluA2 receptors was tested by fusing proteoliposomes with a bilayer
formed on the tip of a patch pipette. Single-channel currents of variable con-
ductances were elicited by addition of L-glutamate into a bath solution contain-
ing proteoliposomes and cyclothiazide.
The results indicate that high spatial and temporal resolution AFM measure-
ments can reveal functional dynamics of GluA2 whereas bilayer recordings of-
fer the possibility of studying functional integrity of the receptors under various
conditions.
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Molecular Mechanisms of Ca2þ Selectivity and Mg2þ Block of NMDA Re-
ceptors
Lea Veras, Michael Younkunas, Jane Hwang, Erik Kallenbach,
Igor Kurnikov, Jon W. Johnson, Maria Kurnikova.
Glutamate receptors are membrane proteins activated by the neurotransmitter
glutamate that mediate synaptic excitation in the mammalian brain. NMDA re-
ceptors constitute a glutamate receptor subfamily specifically activated by N-
methyl-d-aspartate. Due to their high Ca2þ permeability and voltage-dependent
channel block by Mg2þ, NMDA receptors play a central role in development
through stabilization of synaptic connections, as well as in learning and mem-
ory by mediating many forms of synaptic plasticity. The mechanisms by which
the ion channel of NMDA receptors selects Ca2þ for permeation over all other
physiological ions, while binding and restricting Mg2þ permeation, are not well
understood. We hypothesize that the slightly different radii of Mg2þ and Ca2þ
ions result in drastically different free energy barriers for movement of the ions
from a binding site in the selectivity filter to water. We applied quantitative the-
oretical ‘‘bottom up’’ approaches to this complex system by combining
methods of computational chemistry, molecular mechanics, and bioinfor-
matics. We performed high accuracy quantum chemical (QC) calculations to
determine the energy of the transition state of the ligand exchange reaction
that occurs when divalent ions transition from the selectivity filter of NMDA
receptors to water. The results of QC calculations are used to parameterize ac-
curately the polarizable molecular mechanics force fields for divalent ion-li-
gand interactions. Molecular dynamics simulations with polarizable and non-
polarizable force fields are used to predict quantitatively ion interactions
with the heterogeneous environment of the pore. The structure of the NMDA
receptor channel is constructed and refined using a combination of experimen-
tal studies, homology modeling, molecular dynamics, and an optimized struc-
ture of a Mg2þ - Asn ligand complex. A homology model of NMDA receptors
is refined through extensive equilibration and all-atom molecular dynamics
simulations on the multi-nanosecond time-scale to acquire a stable model struc-
ture.
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Contributions of Carboxy-Terminal Domains to NMDA Receptor Gating
Bruce E. Maki, Gabriela K. Popescu.
The intracellularly located carboxy terminal domain (CTD) of NMDA recep-
tors represents almost half of these receptors’ mass; it interacts with a wide va-
riety of regulatory proteins; and it serves to control receptor targeting and
function. Calcium-activated proteins such as calmodulin, actinin and calci-
neurin, bind to or modify residues on CTDs and results in run-down, inactiva-
tion or desensitization of macroscopic responses. The mechanisms by which
these kinetic changes occur are unknown. As a prelude into investigations of
calcium-dependent modulation mechanism, we first asked how do CTDs of
GluN1 and GluN2A subunits contribute to the receptor’s gating reaction. We
used cell-attached single-channel recordings, kinetic analyses and modeling
to characterize the stationary gating kinetics of NMDA receptors lacking
CTDs: GluN1(K838Stop) and/or GluN2(K844Stop). We found that compared
to wild-type receptors (Po, .535 0.03; MOT, 6.05 0.6 ms; MCT, 5.45 0.7;
n = 17) receptors lacking CTD of GluN1 subunits had similar open probabilities
but with slightly longer openings and closures (Po, .550.05 , MOT, 8.55 1.2
ms, MCT, 11.0 52.4 ms; n = 9). In contrast, receptors lacking the CTD of
GluN2A subunits were ~2.5-fold less active (Po, .250.06; n = 9), with slightly
longer openings (MOT, 10.751.3 ms,) and ~17-fold longer closures. Receptors
completely devoid of CTD, were much less active then either of the single-sub-
unit CTD deletions, mainly due to substantially longer closures (Po, 0.1 5
0.03, MOT, 6.551.4 ms, MCT, 175.2553.4; n=8). These results demonstrate
that the CTDs of both the GluN1 and GluN2A subunits contribute to normal
